2/9 1. Regional and sectoral resolution of the model SI We introduced the carbon cycle, physical processes for simulating the concentration, and forcing for each emission based on MAGICC 6.0 (Meinshausen et al. 2011) , and used a simplified temperature module to generate the temperature increase above the preindustrial level, avoiding the complexities resulting from the upwelling-diffusion climate model. Therefore, the temperature increase could feedback into socioeconomic development in the optimization process.
a. The carbon cycle in MAGICC 6.0 was introduced for a more precise depiction of the formation of the CO2 concentration in the atmosphere. For the terrestrial carbon cycle, the carbon fluxes among the atmosphere, living plants, detritus, and soil were considered and simulated separately. The perturbation of the ocean surface dissolved inorganic carbon in the ocean carbon cycle was modeled by an impulse response function (Joos et al. 2001 ) with consideration of the sensitivity of the sea surface partial pressure to changes in temperature above the preindustrial level (Takahashi et al. 1993 ). All of the non-CO2 gases, including CH4, N2O, F-Gases, CO, VOC, SOx, NOx, BC, and OC, were simulated using similar physical processes as MAGICC 6.0. We calibrated the SCM4OPT with MAGICC 6.0 using all four RCPs, which made the SCM4OPT capable of evaluating a wide range of potential forcing, with respect to the uncertainty in future socioeconomic development. The calibration results were as follows: A simplified temperature module was used to simulate the temperature increase above the preindustrial level, resulting from human-induced or natural radiative forcing. A two-boxes model was built as in DICE2013R; however, we adjusted the standard radiative forcing Δ ( ) to the effective radiative forcing Δ ( ) by multiplying by an efficacy term, :
where t is the simulation time (years).
We used the adjusted effective radiative forcing in the two-boxes model to estimate the temperature increase above preindustrial levels, as shown in SI 
